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Abstract 
In the present thesis work, two techniques are proposed and demonstrated to produce 
functionally graded material (FGM). These techniques differ from the conventional 
route as it incorporates variation in functional properties (property gradient) through 
a microstructural gradient in an originally homogeneous material without altering the 
composition of the bulk. The two processing methods produce graded materials in 
age-hardenable Al-alloys and Ni-based superalloy single crystal systems respectively. 
Both the processing methods involve heat-treatment of the starting material in such 
a manner that a change in microstructure is obtained at different locations of the 
specimen. 
In the first method, a differential thermal aging treatment is performed to obtain 
a variation in nature of precipitation across the cross-section of the specimen. Al-5Zn- 
lMg and Al-4.6Cu alloys are used as model systems. A temperature gradient furnace 
is devised to carry out aging under a temperature gradient. After the preparation of 
the FGM in these two Al-alloy systems, a microstructural characterization is carried 
out to observe the evolution of microstructure at  different layers of the specimen. The 
mechanid behavior of these newly developed graded materials is studied in terms of 
hardness, compression, tension, impact and fatigue crack growth rate characteristics. 
A theoretical analysis is also performed to gain better understanding of the mechanical 
behavior of the FGM and to enable prediction of properties of the FGM prior to its 
actual processing. The predictions from the theoretical analyses are found to be in 
good agreement with the experimental results of compression, tension and fatigue 
crack growth rate. 
In the second processing method, a differential thermo-mechanical treatment 
is performed to prepare a microstructurally graded material (FGM) in a Ni-based 
superdoy single crystal, CMSX-2. A bending fixture made of superalloy is fabricated 
to generate a stress variation in the specimen. High temperature aging under an 
applied stress gradient is carried out to  build a gradient in microstructure in the 
material. The evolution of microstructure at various locations of the specimen is 
studied through electron microscopy which reveals a change in precipitate morphology 
from one side of the specimen to other side. 
